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Abstract: Nanofluids (Engineered colloidal suspension of nanoparticles) are the new and promising heat transfer fluids 
with exceptional properties. Low stability, high pressure drop, and viscosity are the important drawbacks limiting the 
industrial application of nanofluids. The aggregation and sedimentation of nanoparticles are related to the colloidal 
structure of nanofluids, which directly affects the stability and viscosity. Several studies have revealed that the 
thermophysical properties of nanofluid are influenced by the nanoparticle type, size, shape, and concentration, base fluid 
type, and operating conditions. Furthermore, the ultrasonication probe type, time, power, frequency, and intensity, as 
well as surfactant type and concentration, are the primary factors influencing nanofluid stability. Among them, 
ultrasonication treatment is the simplest and most effective technique with longer nanofluid stability period. It is 
expected that, the present review will provide guidance and contribute towards various considerable ultrasonication 
factors which can prolong the stability period of the nanofluid. 
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I.  INTRODUCTION 
anofluids are formed from the dispersion of nanoparticles 
in a heat transfer base fluid like water, refrigerants, 
ethylene glycol, propylene glycol, oils, and alcohols [1]–[10]. 
At least one particle dimension should be in the nanometer 
range with the superior thermal, electrical, optical, physical, 
and rheological properties. Prominent results confirmed the 
increment of the thermal conductivity with the addition of 
distinct nanoparticles [11], [12]. From the past few years 
nanofluids have gathered more attention especially in the field 
of heat transfer, lubrication, drug delivery, solar, oil recovery, 
drilling fluid, anti-freeze, paint, and wastewater treatment 
applications [13], [14]. Generally, liquid samples with 
dispersed particles are susceptible to form unstable 
agglomerates from the various particle to particle attraction 
forces including, gravitational, van der waals force, friction, 
combustion, Brownian and electrostatic forces to compromise 
the stability of the nanofluids [15]–[24]. Also, compared to 
nanoparticles barely movement was seen in the micro size 
particles in a dispersion phase whereas, nanoparticles are 
continuously moving in a random molecular motion and do 
not clog the flow. As the mass of nanoparticle is so small, the 
effect of gravitational force becomes negligible, but in some 
cases due to high surface activity the nanoparticles are prone 
to form clusters. At the same time, the nanofluids major 
applicability is also based on the proposed stability 
mechanism to avoid the further issues while loading, pumping, 
and processing [25]–[34]. 
 
According to this prospective, the proposed correlations for 
predicting nanofluid thermophysical properties like thermal 
conductivity, electrical conductivity, density, and viscosity are 
based on the assumption of stable suspension of nanoparticles 
[35]–[44]. So, poor stability mechanism may reduce the 
performance of the nanofluid. Also, the aggregates may clog 
the flow with the increased viscosity and pressure drop and 
decrease the rate of heat transfer with reduced thermal 
conductivity [45]. Various studies revealed that, choosing 
proper nanoparticle and base fluid type, and operating 
conditions (pH, temperature, ultrasonication parameters and 
zeta potential are the main factors responsible for the 
nanofluid stability [46]–[51]. Among them, ultrasonication 
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treatment is the simplest and most effective technique with 
longer nanofluid stability period. Instead of overstressing on 
the thermophysical properties of nanofluid, the current paper 
reviewed various ultrasonication treatment parameters on the 
colloidal suspension of nanoparticles in the base fluid. 
II.  MATERIALS AND METHODS 
Effect of ultrasonication treatment on the nanofluid stability 
 
Ultrasound is well known for its homogeneous dispersion 
of nanoparticles in the base fluid techniques. Generally, using 
the chaotic principle more than 20 kHz of ultrasonic 
frequencies are applied to the solution for attaining longer 
period of stability. leading to the commonly known process as 
ultrasonication. Studies revealed that, using different type of 
ultrasonic transducer at distinct sonication time, frequency, 
power, and amplitude unique dispersion behavior of 
nanoparticles can be achieved [52], [53]. Finally, various 
scientific instruments and machines are used by the 
researchers to study the stability, particle distribution, cluster 
size of the nanoparticles in the base fluid after the preparation 
of nanofluid. Some of the largely used devices include X-ray 
powder diffraction (XRD), field emission scanning electron 
microscopy (FESEM), thermogravimetry analysis (TGA), 
transmission electron microscope (TEM) and UV–Vis 
spectrometer, etc. 
 
The effect of type of ultrasonic transducer 
 
The ultrasonication transducers scatters the acoustic energy 
into medium in the form of ultrasonic waves. These ultrasonic 
vibrations can be applied in an indirect and direct way. As 
shown in Fig. 1, ultrasonic bath is used for applying the 
indirect form of waves and whereas probe sonicator is used for 
delivering direct form of ultrasonic waves. In the bath 
ultrasonic transducer, the sample is taken in a conical flask 
and immersed in the water bath. As the wave does not pass 
directly through the sample the cavitation process distribution 
is non-uniform. The ultrasonic wave intensity is also very low. 
As a result, the repeatability and scalability of the process is 
difficult. 
 
Whereas, in direct sonication the ultrasonication transducer 
probe/horn is directly immersed in the sample to create the 
high intensity mechanical vibrations. Later, these vibrations 
directly pass through the sample in the form of acoustic 
waves. As the acoustic power is higher in the transducer the 
local heating is created in the form of heat energy. Moreover, 
the acoustic power intensity of the probe is nearly 100 times 
higher than the bath type ultrasonication. So, the probe type 
sonicator can provide better dispersion of particles compared 
to bath type by reducing particle size distribution. 
 
For example, Noroozi et al. [54] compared the Al2O3 
particle size distribution (PSD) between bath and probe type 
sonicator. As shown in Fig. 2(a), the PSD was narrow 
representing the proper dispersion of nanoparticles in case of 
probe type sonicator. Also, with the reduction in particle size 
there was a shift in the absorption spectra was noticed in case 
of sonication (Fig. 2(b)). Similarly, Pradhan et al. [55] also 
confirmed that, mono dispersion of particles are possible by 





Figure 1 The ultrasonic transducers (a) bath type (b) probe or 
horn type 
 
The effect of ultrasonication time 
 
Even today, there is no proper approach on how much 
ultrasonication time is required to maintain/prolong the 
stability period of nanofluid. In most of the studies 
homogenization of the nanofluid was achieved at longer 
period of ultrasonic duration [56], [57]. In contrary, some of 
the studies also mentioned the creation of local heating from 
the prolonged ultrasonication time [58], [59]. In many studies 
researchers reported the effect of ultrasonication time on the 
particle size distribution and the thermophysical properties of 
the nanofluid [31], [47], [50]. In this regard, Amrollahi et al. 
[60] investigated the effect of ultrasonication time on the 
stability of a carbon nanotube-based nanofluid. They 
investigated the stability period of nanofluids in various 
nanoparticle compositions with varying ultrasonication times. 
They discovered that during ultrasonication times of up to 10 
hours, the sedimentation time of elevated nanofluid 
concentrations is longer than that of lower concentrations. 
Nonetheless, at sonication times greater than 10 h, the 
tendency is vastly different; at higher concentrations, longer 
sediment time was achieved at longer ultrasonication time. 
According to their findings, increasing the ultrasonic 
irradiation time results in a much higher concentration of 
colloidal particles rather than cluster centres; the ultrasonic 
process breaks down large clumps of particles into relatively 
small subsets or even separates them into suspended particles. 
They also explained that at higher particle densities, Brownian 
motion between particles is greater than at lower 
concentrations, resulting in a longer sedimentation time. 
Sonawane et al. [16] studied the effect of ultrasonication time 
on the thermal conductivity enhancement (TCE Fig. 3(a)) of 
the TiO2/water nanofluid. Their results confirmed the 
generation of the local heat after 60 min of ultrasonication 
time and from the clustering the TCE was decreased. The local 
heat generated by ultrasound iss proportional to the acoustic 
energy dissipated (Equation 1) and intensity of ultrasound 
waves can be represented as the power dissipated per unit area 
(Equation 2). Here, P, m, Cp and Ap are denoting power (W), 
mass (kg), specific heat and cross-sectional area, respectively. 
Further, Chakraborty et al. [61] stated that the settling time of 
0.2 wt % Ag/water nanofluid was decreased with increasing 
ultrasonication time as shown in Fig. 3(b). 
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Figure 2: (a) The UV-vis absorption spectra of the Al2O3 
nanoparticles without and with the bath and probe-type 
sonicators (b) The particle size distribution of the Al2O3 [54] 






Figure 3 (a) The effect of ultrasonication time on the TCE of 
TiO2/water nanofluid [16] (b) Effect of ultrasonication time on 
the settling time of the Ag /water nanofluid [61] 
 
The effect of ultrasonication frequency and amplitude 
 
Based on frequency, ultrasound is categorized into low (20–
100 kHz), high frequency (100 kHz–1 MHz) and diagnostic 
(1–500 MHz) [62]–[64]. Ultrasonic frequencies in the range of 
20–100 kHz is commonly used for the dispersion of nanofluid 
in the base fluid [65], [66]. Ultrasound within this range can 
produce acoustic shock waves which are used to maintain the 
stability of the nanofluid [67]. Asadi et al. [15] also 
emphasized the significance of ultrasonication parameters 
such as irradiation time, power, frequency, and amplitude on 
the stability and thermophysical properties of nanofluid. They 
concluded that by maintaining optimal ultrasonication 
parameters, we can achieve greater dispersion of the 
nanoparticles as well as improved heat transfer properties of 
the nanofluid. 
 
In this regard, Santos et al. [68] experimented on the bath 
type ultrasonicator to identify the high intensity zones. Based 
on results, the maximum perforations appeared at maximum 
intensity which confirmed the non-homogeneous intensity 
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distribution of bath type ultrasonicator. In other study, 
Mahbubul et al. [69] and Nguyen et al., [70] studied the effect 
of ultrasonication amplitude on the PSD of the Al2O3 
nanoparticles in the water based nanofluid. They observed 
that, higher the amplitudes, lower the aggregate size from the 
enhanced rate of bubble collapse at higher vibration amplitude 
(Fig 4 and 5). Al-Waeli et al. [71] investigates the effect of 
nanofluid stability with variations in ultrasonication 
parameters. Their research concluded that the longer the 
ultrasonication period, the less settling of nanoparticles 









Figure 5 Al2O3 nanoparticles PSD at 10%, 30%, 60% 
amplitudes [70] 
 
Amato et al. [72] investigated the effect of ultrasonication 
time and amplitude (%) on the particle size distribution of 
nanoparticles. According to their findings, ultrasonication of 
the can cause local heating due to cavitation of the sample. 
This heat can cause nanoparticles to re-agglomerate and form 
larger clusters. Furthermore, increasing the ultrasonication 
amplitude % can reduce the ultrasonic irradiation time, 
thereby improving stability. Noroozi et al. [54] investigated 
the impact of ultrasonic transducer type and intensity on the 
stability and thermophysical properties of an alumina-based 
nanofluid. Their comparative study concluded that higher and 
more focused ultrasonication from a probe type transducer at a 
higher intensity can effectively increase the stability and 
dispersion of the nanofluid. 
III.  CONCLUSION 
Achieving well dispersed and stable suspensions have been 
one of the important drawbacks in nanofluid investigations. 
All favorable morphological, thermal, electrical and physical 
properties of nanofluid can be tuned as required by 
maintaining the stability of the nanofluid. In this current 
review, a special attention was given to the ultrasonication 
technique of deagglomeration of the nanoparticles because of 
its simplicity. In this regard, the effect of various parameters 
including ultrasonication transducer type, ultrasonication time, 
and ultrasonication frequency and amplitude on the stability of 
the nanofluid was reviewed. The study concluded that, the 
probe type ultrasonic transducer with high ultrasonication time 
and ultrasonication amplitude can result a well dispersed 
nanofluid with prolonged stability period. Moreover, based on 
the quantity of the nanofluid optimum ultrasonication time and 
frequency can be tuned to avoid the local heating while 
processing. 
IV.  ACKNOWLEDGEMENT 
The authors are thankful to Visvesvaraya National Institute 
of Technology, Nagpur, and Ministry of Human- Resource 
Development (MHRD), Delhi, India, for the constant financial 
support. 
V.  REFERENCES 
1. R. S. Khedkar, K. A. Sai, S. S. Sonawane, K. 
Wasewar, and S. S. Umre, “Thermo physical 
characterization of paraffin based Fe3O 4 
nanofluids,” Procedia Eng., vol. 51, no. NUiCONE 
2012, pp. 342–346, 2013. 
2. R. S. Khedkar, S. S. Sonawane, and K. L. Wasewar, 
“Water to nanofluids heat transfer in concentric tube 
heat exchanger: Experimental study,” Procedia Eng., 
vol. 51, no. NUiCONE 2012, pp. 318–323, 2013. 
3. S. S. Sonawane, R. S. Khedkar, K. L. Wasewar, and 
A. P. Rathod, “Dispersions of CuO Nanoparticles in 
Paraffin Prepared by Ultrasonication: A Potential 
Coolant,” Int. Proc. Chem. Biol. Environ. Eng., vol. 
32, no. 1, pp. 12–16, 2012. 
4. R. S. Khedkar, S. S. Sonawane, and K. L. Wasewar, 
“Influence of CuO nanoparticles in enhancing the 
thermal conductivity of water and monoethylene 
glycol based nanofluids,” Int. Commun. Heat Mass 
Transf., vol. 39, no. 5, pp. 665–669, 2012. 
5. S. S. Sonawane, R. S. Khedkar, and K. L. Wasewar, 
“Study on concentric tube heat exchanger heat 
transfer performance using Al2O3 - water based 
nanofluids,” Int. Commun. Heat Mass Transf., vol. 
49, pp. 60–68, 2013. 
Journal of Indian Association for Environmental Management                         Vol. 41, No. 4 (2021), 19-25 23 
6. R. S. Khedkar, S. S. Sonawane, and K. L. Wasewar, 
“Heat transfer study on concentric tube heat 
exchanger using TiO2-water based nanofluid,” Int. 
Commun. Heat Mass Transf., vol. 57, pp. 163–169, 
2014. 
7. R. Khedkar, S. Sonawane, and K. Wasewar, “Effect 
of nanomaterial properties on thermal conductivity of 
heat transfer fluids and nanomaterial suspension,” 
4Th Micro Nano Flow Conf. 2014, vol. c, no. 
September, pp. 1–6, 2014. 
8. N. Kumar, N. Urkude, S. S. Sonawane, and S. H. 
Sonawane, “Experimental study on pool boiling and 
Critical Heat Flux enhancement of V. S. Chandane, 
A. P. Rathod, K. L. Wasewar, and S. S. Sonawane, 
“Response Surface Optimization and Kinetics of 
Isopropyl Palmitate Synthesis using Homogeneous 
Acid Catalyst,” Int. J. Chem. React. Eng., vol. 15, no. 
3, pp. 1–10, 2017. 
9. N. Kumar, S. S. Sonawane, and S. H. Sonawane, 
“Experimental study of thermal conductivity, heat 
transfer and friction factor of Al2O3 based 
nanofluid,” Int. Commun. Heat Mass Transf., vol. 90, 
no. November 2017, pp. 1–10, 2018. 
10. M. Malika and S. Sonawane, “The sono-
photocatalytic performance of a novel water based 
Ti+4 coated Al(OH)3-MWCNT’s hybrid nanofluid 
for dye fragmentation,” Int. J. Chem. React. Eng., 
2021. 
11. M. Malika, R. Bhad, and S. S. Sonawane, “ANSYS 
simulation study of a low volume fraction CuO-
ZnO/water hybrid nanofluid in a shell and tube heat 
exchanger,” J. Indian Chem. Soc., p. 100200, Oct. 
2021. 
12. M. Malika and S. S. Sonawane, “Review on CNT 
Based Hybrid Nanofluids Performance in the Nano 
Lubricant Application,” J. Indian Assoc. Environ. 
Manag., vol. 41, no. 3, pp. 1–16, 2021. 
13. M. Malika and S. S. Sonawane, “Application of RSM 
and ANN for the prediction and optimization of 
thermal conductivity ratio of water based Fe2O3 
coated SiC hybrid nanofluid,” Int. Commun. Heat 
Mass Transf., vol. 126, no. June, p. 105354, 2021. 
14. A. Asadi et al., “Effect of sonication characteristics 
on stability, thermophysical properties, and heat 
transfer of nanofluids: A comprehensive review,” 
Ultrason. Sonochem., vol. 58, no. July, 2019. 
15. S. S. Sonawane, R. S. Khedkar, and K. L. Wasewar, 
“Effect of sonication time on enhancement of 
effective thermal conductivity of nano TiO2–water, 
ethylene glycol, and paraffin oil nanofluids and 
models comparisons,” J. Exp. Nanosci., vol. 10, no. 
4, pp. 310–322, 2015. 
16. S. S. Sonawane and V. Juwar, “Development of 
Nanobased Thermic Fluid: Thermal Aspects of New 
Energy System,” Conf. Proc. Second Int. Conf. 
Recent Adv. Bioenergy Res., no. January, pp. 285–
294, 2018. 
17. N. Kumar and S. S. Sonawane, “Convective Heat 
Transfer of Metal Oxide-Based Nanofluids in a Shell 
and Tube Heat Exchanger,” Conf. Proc. Second Int. 
Conf. Recent Adv. Bioenergy Res. Springer Proc. 
Energy, no. January, pp. 183–192, 2018. 
18. A. N. Sarve, M. N. Varma, and S. S. Sonawane, 
“Response surface optimization and artificial neural 
network modeling of biodiesel production from crude 
mahua (Madhuca indica) oil under supercritical 
ethanol conditions using CO2 as co-solvent,” RSC 
Adv., vol. 5, no. 85, pp. 69702–69713, 2015. 
19. J. Vijay and S. Sonawane Shriram, “Investigations on 
rheological behaviour of paraffin based Fe3O4 
nanofluids and its modelling,” Res. J. Chem. 
Environ., vol. 19, no. 12, pp. 16–23, 2015. 
20. R. S. Khedkar, N. Shrivastava, S. S. Sonawane, and 
K. L. Wasewar, “Experimental investigations and 
theoretical determination of thermal conductivity and 
viscosity of TiO2-ethylene glycol nanofluid,” Int. 
Commun. Heat Mass Transf., vol. 73, pp. 54–61, 
2016. 
21. R. S. Khedkar, A. S. Kiran, S. S. Sonawane, K. L. 
Wasewar, and S. S. Umare, “Thermo-physical 
properties measurement of water based Fe3O4 
nanofluids,” Carbon - Sci. Technol., vol. 5, no. 1, pp. 
187–191, 2013. 
22. R. S. Khedkar, S. S. Sonawane, and K. L. Wasewar, 
“Synthesis of TiO2 -Water nanofluids for its 
viscosity and dispersion stability study,” J. Nano 
Res., vol. 24, pp. 26–33, 2013. 
23. K. Nishant and S. Sonawane Shriram, “Influence of 
CuO and TiO2 nanoparticles in enhancing the overall 
heat transfer coefficient and thermal conductivity of 
water and ethylene glycol based nanofluids,” Res. J. 
Chem. Environ., vol. 20, no. 8, pp. 24–30, 2016. 
24. M. Malika and S. S. Sonawane, “Effect of 
nanoparticle mixed ratio on stability and thermo-
physical properties of CuO-ZnO / water-based hybrid 
nanofluid,” J. indian Chem. Soc., vol. 97, no. March, 
pp. 414–419, 2020. 
25. P. P. Thakur, T. S. Khapane, and S. S. Sonawane, 
“Comparative performance evaluation of fly ash-
based hybrid nanofluids in microchannel-based direct 
absorption solar collector,” J. Therm. Anal. Calorim., 
no. 0123456789, 2020. 
26. N. Kumar and S. S. Sonawane, “Experimental study 
of thermal conductivity and convective heat transfer 
enhancement using CuO and TiO2 nanoparticles,” 
Int. Commun. Heat Mass Transf., vol. 76, pp. 98–
107, 2016. 
27. M. Malika and S. S. Sonawane, “Review on 
Application of nanofluid / Nano Particle as Water 
Journal of Indian Association for Environmental Management                         Vol. 41, No. 4 (2021), 19-25 24 
Disinfectant,” J. Indian Assoc. Environ. Manag., vol. 
Vol. 39, pp. 21–24, 2019. 
28. P. Thakur and S. S. Sonawane, “Application of 
Nanofluids in CO 2 Capture and Extraction from 
Waste Water,” J. Indian Assoc. Environ. Manag., vol. 
39, no. 1, pp. 4–8, 2019. 
29. U. B. Bagale et al., Multifunctional coatings based on 
smart nanocontainers. Elsevier Inc., 2020. 
30. S. S. Sonawane and V. Juwar, “Optimization of 
conditions for an enhancement of thermal 
conductivity and minimization of viscosity of 
ethylene glycol based Fe3O4 nanofluid,” Appl. 
Therm. Eng., vol. 109, pp. 121–129, 2016. 
31. B. A. Suleimanov, F. S. Ismailov, and E. F. Veliyev, 
“Nanofluid for enhanced oil recovery,” J. Pet. Sci. 
Eng., vol. 78, no. 2, pp. 431–437, 2011. 
32. V. S. Chandane, A. P. Rathod, K. L. Wasewar, and S. 
S. Sonawane, “Synthesis of cenosphere supported 
heterogeneous catalyst and its performance in 
esterification reaction,” Chem. Eng. Commun., vol. 
205, no. 2, pp. 238–248, 2018. 
33. S. J. Charde, S. S. Sonawane, S. H. Sonawane, and S. 
Navin, “Influence of functionalized calcium 
carbonate nanofillers on the properties of melt-
extruded polycarbonate composites,” Chem. Eng. 
Commun., vol. 205, no. 4, pp. 492–505, 2018. 
34. M. Malika and S. S.Sonawane, “Statistical modelling 
for the Ultrasonic photodegradation of Rhodamine B 
dye using aqueous based Bi-metal doped TiO2 
supported montmorillonite hybrid nanofluid via 
RSM,” Sustain. Energy Technol. Assessments, vol. 
44, no. November 2020, 2021. 
35. M. Malika and S. S. Sonawane, “Low-frequency 
ultrasound assisted synthesis of an aqueous 
aluminium hydroxide decorated graphitic carbon 
nitride nanowires based hybrid nanofluid for the 
photocatalytic H 2 production from Methylene blue 
dye,” Sustain. Energy Technol. Assessments, vol. 44, 
no. November 2020, p. 100979, 2021. 
36. M. Malika, C. V. Rao, R. K. Das, A. S. Giri, and A. 
K. Golder, “Evaluation of bimetal doped TiO 2 in dye 
fragmentation and its comparison to mono-metal 
doped and bare catalysts,” Appl. Surf. Sci., vol. 368, 
no. 3, pp. 316–324, 2016. 
37. N. Bhambore, P. Lokhare, R. Bhad, P. Thakura, and 
S. Sonawane, “Numeric and Experimental 
Investigation of Fe 2 O 3 Based Nanofluids in Direct 
Absorption Solar Collector,” J. Indian Chem. Soc, 
vol. 97, no. 10, pp. 1–5, 2020. 
38. P. Thakur, S. Sonawane, I. Potorokob, and S. H. 
Sonawane, “Recent Advances in Ultrasound-assisted 
Synthesis of Nano-emulsions and their Industrial 
Applications,” Curr. Pharm. Biotechnol., vol. 21, 
2020. 
39. M. Khan, S. Mishra, D. Ratna, S. Sonawane, and N. 
G. Shimpi, “Investigation of thermal and mechanical 
properties of styrene–butadiene rubber 
nanocomposites filled with SiO2–polystyrene core–
shell nanoparticles,” J. Compos. Mater., vol. 54, no. 
14, pp. 1785–1795, 2020. 
40. S. Sasidharan et al., Nanomaterial synthesis: 
Chemical and biological route and applications. 
Elsevier Inc., 2019. 
41. B. Ghanshyam, S. S. Shriram, W. L. Kailas, R. P. 
Ajit, and P. R. Vishal, “Synthesis and 
characterization of CaCO3-SiO2 core-shell 
nanoparticles with PA6 nanocomposites,” Res. J. 
Chem. Environ., vol. 21, no. 5, pp. 24–29, 2017. 
42. M. D. Waghmare, K. L. Wasewar, S. S. Sonawane, 
and D. Z. Shende, “Reactive extraction of picolinic 
and nicotinic acid by natural non-toxic solvent,” Sep. 
Purif. Technol., vol. 120, pp. 296–303, 2013. 
43. A. Sarve, M. N. Varma, and S. S. Sonawane, 
“Optimization and kinetic studies on biodiesel 
production from kusum (Schleichera triguga) oil 
using response surface methodology,” J. Oleo Sci., 
vol. 64, no. 9, pp. 987–997, 2015. 
44. A. Sarve, S. S. Sonawane, and M. N. Varma, 
“Ultrasound assisted biodiesel production from 
sesame (Sesamum indicum L.) oil using barium 
hydroxide as a heterogeneous catalyst: Comparative 
assessment of prediction abilities between response 
surface methodology (RSM) and artificial neural 
network (ANN),” Ultrason. Sonochem., vol. 26, pp. 
218–228, 2015. 
45. A. Gadhe, S. S. Sonawane, and M. N. Varma, 
“Influence of nickel and hematite nanoparticle 
powder on the production of biohydrogen from 
complex distillery wastewater in batch fermentation,” 
Int. J. Hydrogen Energy, vol. 40, no. 34, pp. 10734–
10743, 2015. 
46. A. Gadhe, S. S. Sonawane, and M. N. Varma, 
“Enhanced biohydrogen production from dark 
fermentation of complex dairy wastewater by 
sonolysis,” Int. J. Hydrogen Energy, vol. 40, no. 32, 
pp. 9942–9951, 2015. 
47. A. Gadhe, S. S. Sonawane, and M. N. Varma, 
“Enhancement effect of hematite and nickel 
nanoparticles on biohydrogen production from dairy 
wastewater,” Int. J. Hydrogen Energy, vol. 40, no. 
13, pp. 4502–4511, 2015. 
48. A. Gadhe, S. S. Sonawane, and M. N. Varma, 
“Evaluation of ultrasonication as a treatment strategy 
for enhancement of biohydrogen production from 
complex distillery wastewater and process 
optimization,” Int. J. Hydrogen Energy, vol. 39, no. 
19, pp. 10041–10050, 2014. 
49. A. Gadhe, S. S. Sonawane, and M. N. Varma, 
“Ultrasonic pretreatment for an enhancement of 
Journal of Indian Association for Environmental Management                         Vol. 41, No. 4 (2021), 19-25 25 
biohydrogen production from complex food waste,” 
Int. J. Hydrogen Energy, vol. 39, no. 15, pp. 7721–
7729, 2014. 
50. A. Gadhe, S. S. Sonawane, and M. N. Varma, 
“Kinetic analysis of biohydrogen production from 
complex dairy wastewater under optimized 
condition,” Int. J. Hydrogen Energy, vol. 39, no. 3, 
pp. 1306–1314, 2014. 
51. P. Thakur, N. Kumar, and S. S. Sonawane, 
“Enhancement of pool boiling performance using 
MWCNT based nanofluids: A sustainable method for 
the wastewater and incinerator heat recovery,” 
Sustain. Energy Technol. Assessments, vol. 45, p. 
101115, Jun. 2021. 
52. V. S. Hakke et al., “Intensifying the synthesis of 
starch nanoparticles using ultrasound-assisted acid 
hydrolysis method,” pp. 1–27, 2021. 
53. M. Noroozi, S. Radiman, and A. Zakaria, “Influence 
of Sonication on the Stability and Thermal Properties 
of Al2O3 Nanofluids,” J. Nanomater., vol. 23, no. 3, 
pp. 1–10, 2014. 
54. S. Pradhan, J. Hedberg, E. Blomberg, S. Wold, and I. 
Odnevall Wallinder, “Effect of sonication on particle 
dispersion, administered dose and metal release of 
non-functionalized, non-inert metal nanoparticles,” J. 
Nanoparticle Res., vol. 18, no. 9, pp. 1–14, 2016. 
55. CMK Periyasamy and C. MANICKAM, 
“EXPERIMENTAL STUDIES ON STABILITY OF 
MWCNT WITH DIFFERENT OIL BASED 
NANOFLUIDS,” Therm. Sci., pp. 1–8, 2019. 
56. S. Rostami, A. A. Nadooshan, and A. Raisi, “An 
experimental study on the thermal conductivity of 
new antifreeze containing copper oxide and graphene 
oxide nano-additives,” Powder Technol., vol. 345, 
pp. 658–667, 2019. 
57. Y. Jiang, X. Zhou, and Y. Wang, “Comprehensive 
heat transfer performance analysis of nanofluid 
mixed forced and thermocapillary convection around 
a gas bubble in minichannel,” Int. Commun. Heat 
Mass Transf., vol. 110, p. 104386, 2020. 
58. W. Ahmed, S. N. Kazi, Z. Z. Chowdhury, and M. R. 
Johan, “One-pot sonochemical synthesis route for the 
synthesis of ZnO@TiO2/DW hybrid/composite 
nanofluid for enhancement of heat transfer in a 
square heat exchanger,” J. Therm. Anal. Calorim., no. 
0123456789, 2020. 
59. A. Amrollahi, A. M. Rashidi, M. Emami Meibodi, 
and K. Kashefi, “Conduction heat transfer 
characteristics and dispersion behaviour of carbon 
nanofluids as a function of different parameters,” J. 
Exp. Nanosci., vol. 4, no. 4, pp. 347–363, 2009. 
60. S. Chakraborty, J. Mukherjee, M. Manna, P. Ghosh, 
S. Das, and M. B. Denys, “Effect of Ag nanoparticle 
addition and ultrasonic treatment on a stable TiO2 
nanofluid,” Ultrason. Sonochem., vol. 19, no. 5, pp. 
1044–1050, 2012. 
61. Babita, S. K. Sharma, and S. M. Gupta, “Preparation 
and evaluation of stable nanofluids for heat transfer 
application: A review,” Exp. Therm. Fluid Sci., vol. 
79, pp. 202–212, 2016. 
62. H. Yarmand et al., “Graphene nanoplatelets-silver 
hybrid nanofluids for enhanced heat transfer,” Energy 
Convers. Manag., vol. 100, pp. 419–428, 2015. 
63. F. Nasirzadehroshenin, H. Maddah, H. Sakhaeinia, 
and A. Pourmozafari, “Investigation of Exergy of 
Double-Pipe Heat Exchanger Using Synthesized 
Hybrid Nanofluid Developed by Modeling,” Int. J. 
Thermophys., vol. 40, no. 9, pp. 1–24, 2019. 
64. I. M. Mahbubul, E. B. Elcioglu, M. A. Amalina, and 
R. Saidur, “Stability, thermophysical properties and 
performance assessment of alumina–water nanofluid 
with emphasis on ultrasonication and storage period,” 
Powder Technol., vol. 345, pp. 668–675, Mar. 2019. 
65. M. . Ramis, K. M. Yashawantha, A. Asif, and U. 
Faisal, “Effect of ultrasonication duration on stability 
of graphite nanofluids,” Int. J. Mech. Prod. Eng., vol. 
6, no. 2, pp. 61–64, 2018. 
66. H. Yarmand et al., “Graphene nanoplatelets-silver 
hybrid nanofluids for enhanced heat transfer,” Energy 
Conversion and Management, vol. 100. pp. 419–428, 
2015. 
67. H. M. Santos, C. Lodeiro, and J. L. Capelo-Martínez, 
“The Power of Ultrasound,” in Ultrasound in 
Chemistry: Analytical Applications, 2009, pp. 1–16. 
68. I. M. Mahbubul, R. Saidur, M. A. Amalina, E. B. 
Elcioglu, and T. Okutucu-Ozyurt, “Effective 
ultrasonication process for better colloidal dispersion 
of nanofluid,” Ultrason. Sonochem., vol. 26, pp. 361–
369, 2015. 
69. V. S. Nguyen, D. Rouxel, R. Hadji, B. Vincent, and 
Y. Fort, “Effect of ultrasonication and dispersion 
stability on the cluster size of alumina nanoscale 
particles in aqueous solutions,” Ultrason. Sonochem., 
vol. 18, no. 1, pp. 382–388, 2011. 
70. A. H. A. Al-Waeli, M. T. Chaichan, K. Sopian, and 
H. A. Kazem, “Influence of the base fluid on the 
thermo-physical properties of PV/T nanofluids with 
surfactant,” Case Stud. Therm. Eng., vol. 13, 2019. 
71. D. V. Amato, D. N. Amato, A. S. Flynt, and D. L. 
Patton, “Functional, sub-100 nm polymer 
nanoparticles via thiol-ene miniemulsion 
photopolymerization,” Polym. Chem., vol. 6, no. 31, 
pp. 5625–5632, 2015. 
 
 
 
 
